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Effects of Soil Reaction and Residual and
Fertilizer Phosphorus on the Growth and Yield
Of Grain Sorghum on Olivier Silt Loam Soil
W. J. Peevy, K. W. Tipton, J. E. Sedberry, Jr..
Howard Viator and R. H. Brupbacher1
Introduction
Interest in growing grain sorghum in Louisiana has increased in the past
few years, although it is still a minor crop in the state. Very little soils
research has been done to determine agronomic practices necessary for
production of this crop on the soils of Louisiana.
During the past 35 years, many thousands of soil samples have been
analyzed from the Loessial Hill and Mississippi Terrace soil areas of
Louisiana. These analyses have shown that most of these soils contain
relatively low amounts of extractable phosphorus, and most are moderately
to strongly acid (7. 3, 4). 2 Many farmers who grow crops on these soils
make poor yields because of the low fertility of the soils. On the other hand,
some farmers have used large amounts of phosphate fertilizer and lime, and
continue to do so without knowing whether the practice is beneficial.
Many studies have shown that the phosphorus content of soils is in-
creased' by the use of fertilizer phosphorus, and that this soil phosphorus
supplies plant needs for many years . Studies at the Rothamsted Experiment
Station in England, as reported by Russell (6). showed that, after 60 years
of cropping, barley plants were still removing about 10 pounds of P2O5 per
acre (4.5 kg/ha) annually from the phosphorus applied many years earlier.
This is about one-half of the barley plant's requirement for phosphorus to
produce 40 bushels ( 14 hi). In Alabama, work by Ensminger (2 ) showed
that residual phosphorus was producing large increases in yields of cotton
20 years after any fertilizer phosphorus had been applied. Research by
Peevy. et al. (5) with soybeans on Olivier silt loam soil at the Perkins Road
Farm, Baton Rouge, showed that residual soil phosphorus was very effec-
tive in the production of that crop, and especially when the soil pH was
above 6.5.
Professor, Department of Agronomy. Baton Rouge (retired Aug. 21 , 1978 ): Professor
of Agronomy and Superintendent. Red River Valley Experiment Station. Bossier City:
Professor. Assistant Professor, and Associate Professor. Department ofAgronomy, Baton
Rouge, respectively.
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Italic numbers in parentheses refer to Literature Cited, page 16.
Experimental Area and Procedure
An experiment was initiated in 1973 to determine the effects of soil
reaction (pH), residual soil phosphorus, and fertilizer phosphorus on the
growth and yield of grain sorghum grown on Olivier silt loam soil at the
Perkins Road Farm, Baton Rouge. The Olivier soil occurs in the Loessial
Hill and Mississippi Terrace areas of Louisiana, and is fairly similar to
other soil series in these areas. These soil areas are shown in Figure 1.
The area used in this work had been in a cotton-corn rotation for 1 8 years
prior to 1967. The area consisted of limed and unlimed blocks of about 1.5
acres (.61 ha) each. Different phosphate treatments had left a fairly wide
range of extractable phosphorus in the soil.
In 1967 the area was divided into four blocks. Three of the blocks
were
limed to establish pH levels of about 4. 8, 5.5, 6.2, and 6.6, respectively In
addition, a split-plot application of 60 pounds of P2O5 per acre (67 kg/ha)
on each plot was used to study the effects of residual and fertilizer phos-
phorus, as well as pH, on yields of soybeans and cotton.
The work with grain sorghum, which was begun in 1973, utilized the
same four blocks with the same pH values, and also continued the same
split-plot phosphate applications that were used with soybeans and cotton.
Potassium was applied as potassium chloride at rates of 60 to 70 pounds of
K2O per acre (67 to 78 kg/ha) annually. Nitrogen was applied at rates of
100 to 130 pounds per acre (112 to 146 kg/ha) from either ammonium
nitrate or urea. The sorghum variety grown was G-516BR.
Extractable phosphorus was determined by extracting the soil with a
solution of 0.10 normal hydrochloric acid containing 0.03 normal am-
monium floride. A soil-to-water ratio of 1 :20 and an extracting period of 15
minutes were used.
Soil reaction (pH) was determined with a pH meter. A slurry ol soil and
distilled water was used at a soil-to-water ratio of approximately 1:1.
Results and Discussion
All data presented are average yields for 3 years of the
experiment—
1973, 1974, and 1976. Excessive rainfall in 1975 caused damage to
some
plots and no yield data were taken that year.
Effects of Soil pH and Phosphorus on Early Growth of Grain Sorghum
Adjusting the soil pH from about 4.8 to 6.2 had a considerable effect on
the early growth of grain sorghum, as shown in Figures 2 and 3.
The
average height at pH 4.8 was only about 6 inches (15 cm) when the plants
were 5 weeks old. At pH 6.2, the plants were about 12 inches (30 cm) high
at 5 weeks, and the plants were much heavier.
A comparison of pictures of the plants in Figures 2 and 4 shows the
tremendous effect of adding fertilizer phosphorus at a very low soil
pH.
The soil phosphorus was also higher in plots represented by Figure 4, but
the incidental placement of the fertilizer near the seed had a great
effect on
the growth of these plants soon after emergence. Much of this growth
difference probably resulted from the addition of fertilizer phosphorus just
before planting.
Even though the addition of fertilizer phosphorus at pH 4.8 gave a great
increase in growth, the use of lime to raise the pH above 6 plus the use of
phosphorus increased the average size of the plants by an additional
one-third, as shown by comparing Figures 4 and 5. The plants shown in
Figure 5 were about 24 inches (60 cm) high, and well developed, when they
were only 5 weeks old. These four pictures illustrate the need for lime and
phosphorus for the early growth of grain sorghum on this Olivier soil.
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Figure 2.—Grain sorghum 5 weeks after emergence at pH 4.8, without phosphate
fertilizer, on a low-phosphorus soil. Average height was about 6 inches (15 cm).
Figure 3.—Grain sorghum 5 weeks after emergence at pH 6.2, without phosphate
fertilizer, on a low-phosphorus soil. Average height was about 12 inches (30 cm).
6
Figure 4.—Grain sorghum 5 weeks after emergence at pH 4.8 where fertilizer phos-
phorus was applied annually for 7 years. Average height was about 18 inches (45 cm).
Figure 5.—Grain sorghum 5 weeks after emergence where the pH had been raised to
6.2 and where phosphate fertilizer had been applied for 7 years. Average height was
about 24 inches (60 cm).
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Effects of Soil pH and Phosphorus on Heading and Maturity Dates of
Grain Sorghum
The heading dates of grain sorghum were much later on soils with low
pH, and especially where no phosphate fertilizer was used, as shown in
Table 1. The plots without phosphorus applications at pH 4.8 headed
between July 1 1 and July 24, a span of 13 days. Where the pH was raised to
about 6.6, all plots headed by July 7, whereas none had headed atpH 4.8 by
this date. The range in heading dates was only 5 days at pH 6.6. The
differences in heading dates at any pH were attributed to the variation in
soil phosphorus. Plants in plots with high soil P headed earlier than those in
plots with low soil P.
The addition of fertilizer phosphorus hastened heading dates at all pH
levels. However, the difference at pH 6.6 between the phosphorus and
no-phosphorus plots was very small.
Table 1 .—Effects of soil pH and phosphorus on the dates of heading of grain sorghum,
1974
Range in heading dates Average heading date
Soil pH With P Without P With P Without P
4.8 July 1-9 July 11-24 July 4 July 17
5.5 July 2-4 July 8-15 July 3 July 10
6.2 June 30-July 3 July 3-14 July 2 July 10
6.6 July 2-5 July 2-7 July 4 July 5
The effect of phosphorus on heading date at pH 4.8 is shown in Figure 6.
The plot in the foreground had not received phosphate fertilizer for many
years and none of the plants had headed. The plot in the background had
received phosphate fertilizer for 7 years and plants were fully headed.
Maturity dates, as well as heading dates, were affected by soil pH and
phosphorus. The plots with phosphate fertilizer and higher pH were mature
and ready to be harvested 2 weeks or more before the low pH-low phos-
phate plots.
Effects of Heading and Maturity Dates on Bird Damage of Grain
Sorghum
Bird damage was also affected by dates of maturity. On the early
maturing plots, bird damage was about 5 to 10 percent. On plots that were 2
to 3 weeks later in maturing, bird damage was 70 to 80 percent. It was not
determined why this occurred. There may not have been as many, birds
present when the first plots were heading. Or, the fact that only a few plots
were very late in maturing may have caused the birds to concentrate on
these plots. The damage by birds occurred primarily when the grain was in
8
Figure 6.—Effect of fertilizer phosphorus on heading dates of grain sorghum with a
soil pH of 4.8. Plot in foreground did not receive any phosphate fertilizer. Plot in
background received phosphate fertilizer annually for 7 years.
the milk stage. Whatever the reason, the later and slower maturing plots
were much more severely damaged.
Effects of Soil pH and Phosphorus on Yield of Grain Sorghum
Grain yield data at the four ascending pH levels are shown in Tables 2
through 5. Also shown are the amounts of extractable soil phosphorus
present at the end of the experiment. Data are the averages of two replica-
tions for 3 years.
At a pH of about 4.8, the yields were very low, about 1 ,200 pounds per
acre (1 ,344 kg/ha), where no phosphorus was used. The yields varied as the
soil phosphorus levels varied, as shown in Table 2. The yields were so low
that it would not be profitable to grow grain sorghum under these condi-
tions. Where phosphorus had been applied annually since 1967 at pH 4.8,
yields were much higher and averaged about 3,100 pounds per acre (3,472
kg/ha). There was little, if any, relationship between yield and soil phos-
phorus where fertilizer phosphorus had been added since 1967.
At pH 5.5 the yields without phosphorus were still very low, as shown in
Table 3, but they averaged about 700 pounds per acre (784 kg/ha) higher
than at pH 4.8, showing some benefit of lime even at the low phosphate
level. Where phosphorus had been applied annually since 1967 at pH 5.5,
9
the yields were about the same as at pH 4.8 where phosphorus had been
applied.
When the pH was raised to about 6.2, the yields without fertilizer
phosphorus were still relatively low, averaging about 2,500 pounds per
acre (2,800 kg/ha), as shown in Table 4. However, they were double the
yield at pH 4.8, and 30 percent higher than those at pH 5.5 where no
phosphorus had been used.
When the pH was raised to 6.2 and phosphorus had been applied
annually since 1967, yields averaged more than 4,000 pounds per acre
(4,480 kg/ha), the highest of any treatment, showing the need for a
well-limed soil, and phosphate fertilizer, for good yields on this soil.
When the pH was raised to about 6.6, the yields without phosphorus
were higher than at pH 6.2 without phosphorus, as shown in Table 5.
However, the soil phosphorus was also higher than at 6.2, and this
probably helped to increase yield. There was no increase from the use of
phosphorus at pH 6.6 over 6.2; in fact, yield tended to decrease at the high
pH level with phosphorus fertilization.
10
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14.
The graphs in Figure 7 show that, on these strongly acid, low phosphate
soils, the use of lime to raise the pH from 4.8 to 6.2 increased the yield from
about 1 ,200 pounds to 2,500 pounds per acre (1 ,344 to 2,800 kg/ha). The
use of phosphorus with no lime increased the yield from 1 ,200 pounds to
3 , 1 00 pounds per acre ( 1 ,344 to 3 ,472 kg/ha) at pH 4 . 8 . The use of lime to
raise the pH to 6.2 plus the use of phosphorus raised the yield to over 4,000
pounds per acre (4,480 kg/ha). Therefore, neither lime alone nor phos-
phorus alone gave the best yield. These data show the need for a relatively
high pH and good phosphorus level for sorghum production on this soil.
4.8
16 42
Soil P, ppm
5.5
Soil pH
13 35
6.2
Figure 7.—Effects of soil pH and phosphorus on the yield of grain sorghum.
15
Literature Cited
1. Brupbacher, R. H., J. E. Sedberry, Jr., W. P. Bonner, W. J. Peevy
and W. H. Willis. Fertility Levels and Lime Status of Soils in La. La.
Agr. Exp. Sta. Bull. 644, 1970.
2. Ensminger, L. E. Residual Values of Phosphates. Alabama Agr. Exp.
Sta. Bull. 322, 1970.
3. Peevy, W. J., andR. H. Brupbacher. Fertility Status of La. Soils. No.
1: Soil Reaction and Lime Needs. La. Agr. Vol. 5, No. 2, 1962.
4. Peevy, W. J. , and R. H. Brupbacher. Fertility Status of La. Soils.
No. 3: Phosphorus. La. Agr. Vol. 5, No. 4, 1962.
5. Peevy, W. J., B. E. Newman, J. E. Sedberry, Jr. and R. H. Brup-
bacher. The Influence of Soil Reaction, Residual Soil Phosphorus and
Fertilizer Phosphorus on the Yield of Soybeans Grown on Olivier Silt
Loam. La. Agr. Exp. Sta. Bull. No. 699, 1972.
6. Russell, E. Walter. Soil Conditions and Plant Growth, pp. 507-508,
1961. Longmans, Green and Co., Ltd. London.
16
